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ABSTRACT : PROBLEM TO BE SOLVED: To provide a improved method and device than a 
conventional system to a main cause of obstructing increase in track density. 

SOLUTION: A servo pattern is constituted of plural patterns arranged on both sides of a 
track central line while shifting in the track direction, and respective patterns A, B are 
constituted so that respectively two kinds of phase state patterns 1 1 , 12, 13, 14 are 
arranged in the track width direction. A sine wave function nearly coinciding with a servo 
pattern regenerative signal waveform is obtained based on frequency information of a 
beforehand held regenerative signal, and a magnetic head signal is demodulated. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magnetic-recording medium which has a servo pattern, and the magnetic head which 
performs writing and read-out of information to said magnetic-recording medium, In magnetic 
storage including the servo signal demodulator circuit which recovers a magnetic-head position 
signal from the regenerative signal of said servo pattern The regenerative signal of said servo pattern 
includes two or more partial signals with which the amplitude and a phase change to coincidence 
according to the truck cross direction location of said magnetic head. Said servo signal demodulator 
circuit is magnetic storage characterized by restoring to said magnetic-head position signal in quest 
of the abbreviation coincidence sine wave [ each / of two or more of said partial signals ] function 
based on the frequency information on said regenerative signal currently held beforehand. 
[Claim 2] It is the magnetic storage characterized by for said servo demodulator circuit asking for the 
amplitude of each partial signal by adding integral processing to the partial signal concerned in 
magnetic storage according to claim 1 , and asking for a phase from the phase of said sinusoidal 
function. 

[Claim 3] It is the magnetic storage characterized by said servo demodulator circuit asking for the 
amplitude and phase of each partial signal from said sinusoidal oscillation of a function and phase in 
magnetic storage according to claim 1 . 

[Claim 4] It is the magnetic storage characterized by giving different weight to the information for 
which said servo demodulator circuit is obtained from the amplitude in magnetic storage according 
to claim 1, 2, or 3, and the information acquired from a phase, and restoring to said magnetic-head 
position signal. 

[Claim 5] Magnetic storage characterized by obtaining the velocity vector of said magnetic head 
using two magnetic-head position signals which only predetermined distance left in the direction of a 
truck in the magnetic storage of claim 1-4 given in any 1 term. 

[Claim 6] The magnetic-recording medium which has a servo pattern, and the magnetic head which 
performs writing and read-out of information to said magnetic-recording medium, In magnetic 
storage including the servo signal demodulator circuit which recovers a magnetic-head position 
signal from the regenerative signal of said servo pattern Said two or more patterns are magnetic 
storage characterized by arranging the pattern of two kinds of phase conditions crosswise [ truck ], 
and being constituted including two or more patterns which shifted said servo pattern in the direction 
of a truck on both sides of a truck center line, and have been arranged, respectively. 
[Claim 7] The magnetic-recording medium which has a servo pattern, and the magnetic head which 
performs writing and read-out of information to said magnetic-recording medium, In magnetic 
storage including the servo signal demodulator circuit which recovers a magnetic-head position 
signal from the regenerative signal of said servo pattern Said two or more patterns are magnetic 
storage characterized by arranging the pattern of the phase condition of N (N is three or more 
positive numbers) class crosswise [ truck ], and being constituted including two or more patterns 
which shifted said servo pattern in the direction of a truck on both sides of a truck center line, and 
have been arranged, respectively. 

[Claim 8] The magnetic-recording medium which has a servo pattern, and the magnetic head which 
performs writing and read-out of information to said magnetic-recording medium, In magnetic 
storage including the servo signal demodulator circuit which recovers a magnetic-head position 
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signal from the regenerative signal of said servo pattern said servo pattern Said two or more patterns 
are magnetic storage with which the phase condition of the direction of a truck is characterized by 
being the pattern which changes crosswise [ truck ] continuously, respectively including two or more 
patterns shifted and arranged in the direction of a truck on both sides of a truck center line. 
[Claim 9] The magnetic-recording medium which has a servo pattern and was divided crosswise 
[ truck ] in two or more zones, In the magnetic storage which includes informational writing, the 
magnetic head which performs read-out, and the servo signal demodulator circuit which recovers a 
magnetic-head position signal from the regenerative signal of said servo pattern to said magnetic- 
recording medium The regenerative signal of said servo pattern includes two or more partial waves 
from which the amplitude and a phase change to coincidence according to the truck cross direction 
location of said magnetic head. The frequencies of said servo pattern regenerative signal differ for 
said every zone. Said servo signal demodulator circuit is magnetic storage characterized by restoring 
to said magnetic-head position signal in quest of the abbreviation coincidence sine wave [ each / of 
two or more of said partial signals ] function based on the frequency information on said servo 
pattern regenerative signal read from the inside of each zone. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to magnetic storage and relates to magnetic storage 
which acquires the information for positioning the magnetic head from the regenerative signal of the 
servo pattern especially recorded on the magnetic disk, such as a flexible mold magnetic disk drive 
and a rigid mold magnetic disk drive. 
[0002] 

[Description of the Prior Art] By carrying out alternate arrangement of the servo bit for every 
predetermined truck spacing like the publication to JP,47-32012,B most generally, and the servo 
pattern for positioning the magnetic head of magnetic storage reproducing the each, and comparing 
an amplitude difference, the positional information of the truck cross direction is acquired and the 
method of positioning the magnetic head (tracking) is learned. 

[0003] Drawing 2 is drawing explaining the outline of the conventional "amplitude detection servo" 
method. Drawing in which drawing 2 (a) shows the relation between a truck and a servo pattern, and 
drawing 2 (b) are drawings showing an example of the regenerative signal acquired from the 
magnetic head which moves in a servo pattern top. The case where the magnetic head 10 of the 
width of recording track Twr is positioned to truck #N is considered. As shown in drawin g 2 (a), 
when the magnetic head 10 advances in the x directions of drawing and Pattern P and A-D are 
passed, a regenerative signal as shown in drawin g 2 (b) is acquired. Here, it expresses that P, the 
white part of each pattern of A-D, and a black part have respectively the mutually reverse sense of 
magnetization of the servo pattern recorded on the magnetic -recording medium. That is, if the sense 
of magnetization of a white part and a black part is a vector which has the direction (x directions) 
component of a truck in a medium side and which turned to hard flow mutually if it is the magnetic 
recording within a field, and it is vertical recording, the sense of magnetization of a white part and a 
black part is the vector with a component perpendicular to a medium front face which turned to hard 
flow mutually. Moreover, the pattern of drawing 2 (a) is a mimetic diagram, and in agreement with 
the signal cycle of drawing 2 (b) in fact. 

[0004] If SA-SB which is the difference of the regenerative-signal amplitude SA of Pattern A and 
the regenerative- signal amplitude SB of Pattern B is calculated and the magnetic head 10 is moved 
crosswise [ truck / y ], the result of an operation will serve as N-POS shown in the right of drawin g 2 
(a). If similarly SC-SD which is the difference of the regenerative-signal amplitude SC of Pattern C 
and the regenerative-signal amplitude SD of Pattern D is calculated and the magnetic head 10 is 
moved crosswise [ truck / y ], the result of an operation will serve as Q-POS shown in the right of 
drawin g 2 (a). The current position of the magnetic head 10 can be known by using suitably the 
signal of N-POS and Q-POS which were calculated above as a position signal. 
[0005] The method which "phase detection servo" Becomes as a servo system different from the 
above on the other hand is indicated by JP,60-10472,A. Drawing 3 is drawing explaining the outline 
of the conventional "phase detection servo" method. The case where the magnetic head 10 of the 
width of recording track Twr is positioned to truck #N is considered. The magnetic head 10 advances 
in the x directions, and when passing the pattern P shown in drawing 3 (a), and A-C, a regenerative 
signal as shown in drawing 3 (b) is acquired. Here, the notation of P, the white part of each pattern of 
A-C, and a black part is the same as that of drawing 2 . Although the azimuth attaches the pattern to 
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the magnetic head 10, since the include angle is small to extent from which degradation (azimuth 
loss) of a regenerative signal does not pose a problem, the configuration of each regenerative signal 
hardly changes to drawing 2 . However, the phase of each patterns A, B, and C to Pattern P changes 
with locations of the truck cross direction y, and sets the phase in #N truck to PA, PB, and PC here, 
respectively. Here, the pattern of drawing 3 (a) is a mimetic diagram, and in agreement with the 
signal cycle of drawing 3 (b) in fact. 

[0006] When difference PB-PA of each phase and PC-PB are calculated now, this result of an 
operation in the truck cross direction y becomes what was shown in the right of drawing 3 (a) as an 
example. The current position of the magnetic head 10 can be known by using suitably the signal of 
PB-PA and PC-PB which were calculated above as a position signal. In addition, as an approach of 
asking for phases PA, PB, and PC from the regenerative signal of drawing 3 (b), the approach 
currently indicated by JP,6-231552,A can be used, for example. 

[0007] Moreover, the example which combines the approach of making a wave distorted to an 
amplitude pattern and detecting time amount change of the wave-like part to it is indicated by JP,9- 
25 1736,A. The pattern with which this pattern includes the time amount change property that in 
addition to the property of the conventional amplitude pattern a wave-like part does not change but 
another part changes is recorded. C of drawing 2 and D pattern are omissible with this pattern. 
[0008] 

[Problem(s) to be Solved by the Invention] The technical or various factors on magnetic-storage 
production actualize as a factor which checks the increment in track density as the track density of 
magnetic storage increases, among those, about the geometric factor resulting from the width of 
recording track and the servo pattern configuration of the magnetic head, it appears in the form of the 
non-linearity of a position signal — it comes. In this, a record pattern writes crosswise [ truck ], it 
reads, and it spreads or the effectiveness to carry out is included [****/ spread ]. Moreover, about a 
record medium and the noise of a regenerative-circuit system, it looks relatively as a fall of a signal- 
to-noise ratio (S/N) to a regenerative signal. Furthermore, to the vibration (disturbance vibration) 
from the outside, the amount of [ by the head point-to-point-control system ] flattery remainder 
arrives at the limitation of track density by exceeding the amount which it has as allowances 
(margin). 

[0009] Moreover, in the conventional example which combines the approach of making a wave 
distorted to an amplitude pattern and detecting time amount change of the wave-like part to it, since 
another harmonic content in addition to the harmonic content in a fundamental wave or the wave 
before making it distorted occurs as a result of making a wave distorted, there is a fault which a 
recovery noise increases. This invention is made in view of the above point, and it aims at offering 
the approach improved more as compared with the present method to the inhibition factor of the 
above-mentioned increment in track density, and equipment. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in this 
invention, the servo pattern information for positioning the magnetic head or positional information 
is multiplexed. That is, improvement in location precision is aimed at by using it effectively, 
acquiring to coincidence the amplitude information and topology which a servo pattern has, and 
making it complement mutually. 

[001 1] Generating the non-linearity of a position signal especially in an amplitude detection method 
by the mismatching of the width of face of a servo pattern and the reproducing-head width of 
recording track is admitted. However, the nonlinear location which is easy to generate is restricted to 
the local part. On the other hand, the topology which cannot produce non-linearity easily is acquired 
collectively, and if it is used complementing amplitude information and topology, the nonlinear 
problem of a position signal will become avoidable. 

[0012] By using it about a position signal noise combining the above-mentioned amplitude 
information and topology, amount of information is more substantial and effectiveness is large to 
improvement in signal S/N. Detecting positional information to disturbance vibration, it is also 
acquiring the rate information on the head of the truck cross direction from topology, for example, 
when disturbance vibration is large, it becomes possible in an early phase to stop record actuation. 
[0013] Here, as a means to acquire amplitude information from a servo pattern playback wave, full 
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wave rectification of the above-mentioned signal is carried out, and there is a method of next 
performing an integration operator. The result (amplitude value) obtained here reflects the amplitude 
value of a servo pattern regenerative signal. As another means, servo pattern playback wave 
information is incorporated discretely, and there is the approach of acquiring by reexpressing by the 
fourier polynomial. This approach is described in detail below. As a means to acquire topology from 
a servo pattern playback wave, servo pattern playback wave information is discretely incorporated 
like the above, and the approach of acquiring by reexpressing by the fourier polynomial is used. 
Below, the approach is described. 

[0014] The above-mentioned servo pattern playback wave is a repeat covering a certain number 
cycle of the regular wave, and sets N and the above-mentioned number of repeats of position signal 
wave p (n) to L for the number (exaggerated measurement size) discretely incorporated to per [ one 
cycle (period) ]. However, n is the number of the point incorporating [ wave ]. It will be set to the 
following [several 1] if p (n) is expressed with the fourier polynomial representation. In addition, in 
accordance with the wave-like frequency to incorporate, it is necessary to decide the frequency of a 
sampling (discrete incorporation). In other words, it has wave-like frequency information in the form 
of a sampling frequency beforehand. 
[0015] 
[Equation 1 



+ B„ - sin 



2 * n • 7r-m 
N 



[0016] Here, discretization Fourier coefficients and m of AO, Am, and Bm are the degrees of the 
discretization Fourier transform. If discretization Fourier coefficients are decided, it will be decided 
that the above-mentioned fourier polynomial will be a meaning. If the sampling data of a pattern 
playback wave are set to f (n), Fourier coefficients will be called for as shown in following [several 
2], [several 3], and [several 4]. 
[0017] 

[Equation 2^ 



[0018] 
[Equation 3] 

2 . (2 



IT" j 



[0019] 
[Equation 4] 

B m = > /(n)-sm 



[0020] A required result can be most easily obtained by calculating the primary fourier coefficient A 
(m= 1)1 and Bl. Here, in amplitude detection, amplitude value is calculated as the following 
[several 5], and, in phase detection, the phase contrast from a reference pattern is searched for as the 
following [several 6]. 
[0021] 
[ Equation 5] 

[0022] 
[Equation 6] 
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[0023] If the above technique is used, not only the amplitude information but topology will become 
possible [ acquiring to coincidence ] from the wave to which it restored. Compared with the 
approach which acquired only a part of [ wave-like ] information like before, recovery information 
will increase and an opportunity to utilize these effectively will increase. As mentioned above, it 
becomes possible to solve the various problems resulting from the above-mentioned increment in 
track density by the multiplexing technique of the servo pattern information by this invention, or 
positional information. 

[0024] Namely, the magnetic-recording medium by which the magnetic storage by this invention has 
a servo pattern, In the magnetic storage which includes informational writing, the magnetic head 
which performs read-out, and the servo signal demodulator circuit which recovers a magnetic-head 
position signal from the regenerative signal of a servo pattern to a magnetic-recording medium The 
regenerative signal of a servo pattern includes two or more partial signals with which the amplitude 
and a phase change to coincidence according to the truck cross direction location of the magnetic 
head. A servo signal demodulator circuit is characterized by restoring to a magnetic-head position 
signal in quest of the abbreviation coincidence sine wave [ each / of two or more of said partial 
signals ] function based on the frequency information on the regenerative signal currently held 
beforehand. 

[0025] A servo demodulator circuit shall ask for the amplitude of each partial signal by adding 
integral processing to the partial signal concerned, and it shall ask for a phase from the phase of said 
sinusoidal function. Or a servo demodulator circuit shall ask for the amplitude and phase of each 
partial signal from said sinusoidal oscillation of a function and phase. As for a servo demodulator 
circuit, it is desirable to give different weight to the information acquired from the amplitude and the 
information acquired from a phase, and to restore to a magnetic-head position signal. 
[0026] Moreover, the velocity vector of the magnetic head can be obtained using two magnetic-head 
position signals which only predetermined distance left in the direction of a truck. If the velocity 
vector of a head travelling direction is known, before resulting in the following servo sector, a head 
will become possible [ presuming whether it is on a predetermined truck ] in a data location. If this 
information is used, when the impact from the outside and vibration will occur during record 
actuation, consequently a jump of a truck will be expected, destruction of the data of an adjoining 
truck can be beforehand prevented by forbidding record actuation. 

[0027] The magnetic storage by this invention Moreover, the magnetic-recording medium which has 
a servo pattern, In the magnetic storage which includes informational writing, the magnetic head 
which performs read-out, and the servo signal demodulator circuit which recovers a magnetic-head 
position signal from the regenerative signal of a servo pattern to a magnetic-recording medium It is 
characterized by for said two or more patterns arranging the pattern of two kinds of phase conditions 
in crosswise [ truck ], respectively, and constituting them including two or more patterns which 
shifted the servo pattern in the direction of a truck on both sides of a truck center line, and have been 
arranged. This servo pattern can be easily formed by the present servo track writer. Pattern chart 
lasting time is the same as the case of the conventional servo pattern. 

[0028] The magnetic storage by this invention Moreover, the magnetic-recording medium which has 
a servo pattern, In the magnetic storage which includes informational writing, the magnetic head 
which performs read-out, and the servo signal demodulator circuit which recovers a magnetic-head 
position signal from the regenerative signal of a servo pattern to a magnetic-recording medium It is 
characterized by for said two or more patterns arranging the pattern of the phase condition of N (N is 
three or more positive numbers) class in crosswise [ truck ], respectively, and constituting them 
including two or more patterns which shifted the servo pattern in the direction of a truck on both 
sides of a truck center line, and have been arranged. This servo pattern can be easily formed by the 
present servo track writer. 

[0029] The magnetic storage by this invention Moreover, the magnetic-recording medium which has 
a servo pattern, In the magnetic storage which includes informational writing, the magnetic head 
which performs read-out, and the servo signal demodulator circuit which recovers a magnetic-head 
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position signal from the regenerative signal of a servo pattern to a magnetic-recording medium Said 
two or more patterns are characterized by the phase condition of the direction of a truck being the 
pattern which changes crosswise [ truck ] continuously including two or more patterns which shifted 
the servo pattern in the direction of a truck on both sides of a truck center line, and have been 
arranged, respectively. 

[0030] The magnetic storage by this invention Moreover, the magnetic-recording medium which has 
a servo pattern and was divided crosswise [ truck ] in two or more zones, In the magnetic storage 
which includes informational writing, the magnetic head which performs read-out, and the servo 
signal demodulator circuit which recovers a magnetic-head position signal from the regenerative 
signal of a servo pattern to a magnetic-recording medium The regenerative signal of a servo pattern 
includes two or more partial waves from which the amplitude and a phase change to coincidence 
according to the truck cross direction location of the magnetic head. The frequencies of a servo 
pattern regenerative signal differ for every zone, and a servo signal demodulator circuit is 
characterized by restoring to a magnetic-head position signal in quest of the abbreviation 
coincidence sine wave [ each / of two or more of said partial signals ] function based on the 
frequency information on the servo pattern regenerative signal read from the inside of each zone. 
Moreover, the frequency of a servo pattern regenerative signal may be changed for every zone and 
every truck. 
[0031] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. Drawing 1 is the mimetic diagram showing an example and its example of a 
playback wave of the servo pattern by this invention. In drawing 1 (a) which shows a servo pattern, 
the direction of a x axis is the transit direction of the magnetic head 10, and the direction of the y- 
axis is the truck cross direction of the magnetic head 10. In this example, at least, Patterns A and B 
see in the direction of a x axis like illustration, alternate arrangement is carried out, and the same 
repeat as the direction of the y-axis is recorded. Pattern P is continuously recorded in the direction of 
the y-axis if needed. 

[0032] Next, the configuration of each pattern is explained. Pattern A is a pattern with which the 
pattern 1 1 of the "phase 1" whose width of face of the direction of y is 1/2 of a track pitch Tp, and 
the pattern 12 of a frequency f, width of face Tp / 2, and "a phase 2 M were put in order and combined 
in the direction of y on the frequency f. That in which the wave had periodicity like all 1 is recorded. 
The pattern length L is die length to which the two or more above-mentioned wave-like periods are 
sufficient for being recorded at least. It is the pattern which Pattern A and the pattern B by which 
alternate arrangement is carried out put in order the pattern 13 of the "phase 3" whose width of face 
of the direction of y is 1/2 of a track pitch Tp, and the pattern 14 of a frequency f, width of face Tp / 
2, and "a phase 4" in the direction of y on the frequency f to the center line of truck #N, and was 
combined. The wave of Pattern B and pattern length are the same as that of Pattern A. Pattern P is a 
frequency f and is the same wave as the above-mentioned patterns 11-14. The phase of Pattern P 
may be in agreement with either of "phase 1" - "a phase 4", and does not need to be in agreement. 
Here, the above-mentioned phases 1-4 need to continue at equal intervals. That is, the equal thing of 
all of the phase contrast of a phase 1 and a phase 2, the phase contrast of a phase 2 and a phase 3, the 
phase contrast of a phase 3 and a phase 4, and the phase contrast of a phase 4 and a phase 1 is 
desirable. 

[0033] Drawin g 1 (b) shows the example of a playback wave reproduced from the magnetic head 10, 
when the magnetic head 10 moves in the truck #N top of the pattern shown in drawin g 1 (a). The 
playback wave of Patterns P, A, and B turns into a sinusoidal form which all does not have 
waveform distortion in the ideal condition. Although phase contrast PA and PB is the phase contrast 
from a pattern A playback wave and the pattern P playback wave of a pattern B playback wave, 
since taking a difference like PA-PB can also acquire the topology between a pattern A playback 
wave and a pattern B playback wave, namely, it can acquire it directly also as a phase shift of a 
pattern B playback wave to a pattern A playback wave, without minding Pattern P, Pattern P 
becomes unnecessary in that case. However, the device of changing phase spacing of the above- 
mentioned phase 1 and a phase 2 and phase spacing of a phase 3 and a phase 4 in this case is needed. 
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[0034] Furthermore, as a development mold of the servo pattern shown in drawing 1 (a), as shown in 
drawin g 1 (c), Patterns C and D may be arranged in the same location as the case of drawing 2 other 
than Patterns A and B. In this case, the phases of the patterns 15 and 16 which constitute Pattern C 
are "a phase 5" and "a phase 6", respectively. Similarly, the phases of the patterns 17 and 18 which 
constitute Pattern D are "a phase 7" and "a phase 8", respectively. "A phase 5", "a phase 6", "a phase 
7", and "a phase 8" may be in agreement with "a phase 1", "a phase 2", "a phase 3", and "a phase 4", 
respectively, and do not need to be in agreement. 

[0035] Drawing 1 (d) is an example of a playback wave reproduced from the magnetic head 10, 
when the magnetic head 10 moves in the truck #N top of the pattern shown in drawing 1 (c). The 
playback wave of Patterns P, A, B, C, and D turns into a sinusoidal form which all does not have 
waveform distortion in the ideal condition, phase contrast PA and PB and .... Patterns A and B and .. 
although it is the phase contrast from the pattern P playback wave of a playback wave, since taking a 
difference like PA-PB can also acquire the topology between each pattern playback wave, namely, it 
can be directly acquired also as two phase shifts of a pattern playback wave, without minding Pattern 
P, Pattern P becomes unnecessary in that case. However, the device of changing phase spacing of the 
above-mentioned phases 1-4 and phase spacing of phases 5-8 in this case is needed. 
[0036] Drawing 4 is the mimetic diagram showing other examples of the servo pattern by this 
invention, and an example of the playback wave. Drawing 4 (a) shows a servo pattern, the direction 
of a x axis is the transit direction of the magnetic head 10, and the direction of the y-axis is the truck 
cross direction of the magnetic head 10. In this example, at least, Patterns A and B see in the 
direction of a x axis like illustration, alternate arrangement is carried out, and the same repeat as the 
direction of the y-axis is recorded. Pattern P is continuously recorded in the direction of the y-axis if 
needed. 

[0037] Pattern A is a pattern with which the pattern 41 of the "phase 1" whose width of face of the 
direction of y is 1/3 of a track pitch Tp, the pattern 42 of a frequency f, width of face Tp / 3, and "a 
phase 2", and the pattern 43 of a frequency f, width of face Tp / 3, and "a phase 3" were put in order 
and combined in the direction of y on the frequency f. That in which the wave had periodicity like all 
1 is recorded. The pattern length L is die length to which the two or more above-mentioned wave- 
like periods are sufficient for being recorded at least. It is the pattern which Pattern A and the pattern 
B by which alternate arrangement is carried out put in order the pattern 44 of the "phase 4" whose 
width of face of the direction of y is 1/3 of a track pitch Tp, the pattern 45 of a frequency f, width of 
face Tp / 3, and "a phase 5", and the pattern 46 of a frequency f, width of face Tp / 3, and "a phase 6" 
in the direction of y on the frequency f to the center line of truck #N, and was combined. The wave 
of Pattern B and pattern length are the same as that of Pattern A. Pattern P is a frequency f and is the 
same wave as the above-mentioned patterns 41-46. The phase of Pattern P may be in agreement with 
either of "phase 1" - "a phase 6", and does not need to be in agreement. Here, the above-mentioned 
phases 1-6 need to continue at equal intervals. That is, all of the phase contrast of a phase 1 and a 
phase 2, the phase contrast of a phase 2 and a phase 3, the phase contrast of a phase 3 and a phase 4, 
the phase contrast of a phase 4 and a phase 5, the phase contrast of a phase 5 and a phase 6, and the 
phase contrast of a phase 6 and a phase 1 need an equal thing. 

[0038] Drawin g 4 (b) shows the example of a playback wave reproduced from the magnetic head 10, 
when the magnetic head 10 moves in the truck #N top of the pattern shown in drawin g 4 (a). The 
playback wave of Patterns P, A, and B turns into a sinusoidal form which all does not have 
waveform distortion in the ideal condition. Although phase contrast PA and PB is the phase contrast 
over a pattern A playback wave and the pattern P playback wave of a pattern B playback wave, since 
taking a difference like PA-PB can also acquire the topology between a pattern A playback wave and 
a pattern B playback wave, namely, it can acquire it directly also as a phase shift of a pattern B 
playback wave to a pattern A playback wave, without minding Pattern P, Pattern P becomes 
unnecessary in that case. However, the device of changing phase spacing of the above-mentioned 
phase 1 , a phase 2, and a phase 3 and phase spacing of a phase 4, a phase 5, and a phase 6 in this 
case is needed. 

[0039] Furthermore, as a development mold of this servo pattern, as shown in drawing 1 , Patterns C 
and D may be added behind [ x direction ] Patterns A and B. The servo pattern shown in drawing 4 
can be said to be that to which the servo pattern shown in drawing 1 trichotomized one servo pattern 
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to dividing into two crosswise [ truck ] (the direction of y). By this view, what carried out N division 
of the one servo pattern crosswise [ truck / y ] (N is the natural number) can be considered. In 
addition, when N becomes a sufficiently large number, it almost becomes the servo pattern explained 
by drawin g 5 R> 5 below with equivalence. 

[0040] Drawing 5 is the mimetic diagram showing other examples of the servo pattern by this 
invention, and an example of the playback wave. Drawing 5 (a) shows a servo pattern, the direction 
of a x axis is the transit direction of the magnetic head 10, and the direction of the y-axis is the truck 
cross direction of the magnetic head 10. in this example, at least, Patterns A and B see in the 
direction of a x axis like illustration, alternate arrangement is carried out, and the same repeat as the 
direction of the y-axis is alike, and is recorded. Pattern P is continuously recorded in the direction of 
the y-axis if needed. 

[0041] Pattern A is a frequency f, for example, is a pattern from which a phase changes continuously 
in a #N-1 truck location according to the condition and the direction location of y of "a phase 2" in 
the condition of "a phase 1", and #N truck location. The pattern width of face of the direction of y is 
equal to a track pitch Tp. The pattern length L is die length to which the two or more above- 
mentioned wave-like periods are sufficient for being recorded at least. It is the pattern from which 
Pattern A and the pattern B by which alternate arrangement is carried out are frequencies f, for 
example, a phase changes continuously in #N truck location according to the condition and the 
direction location of y of "a phase 3" to the center line of truck #N in the condition of "a phase 2", 
and a #N+1 truck location. The pattern width of face of the direction of y is equal to a track pitch Tp, 
and the pattern length L is die length to which the two or more above-mentioned wave-like periods 
are sufficient for being recorded at least. Pattern P is a frequency f and is the same sinusoidal wave 
as the above-mentioned patterns A and B. The phase of Pattern P may be in agreement with either of 
above-mentioned "a phase 1" - "a phase 3", and does not need to be in agreement. Here, the above- 
mentioned phases 1-3 need to continue at equal intervals. That is, by Pattern A, a phase changes to 
the condition of 1 to 2 uniformly, and a phase changes from 2 to the condition of 3 uniformly by 
Pattern B. 

[0042] Drawing 5 (b) shows the example of a playback wave reproduced from the magnetic head 1 0, 
when the magnetic head 10 moves in the truck #N top of the pattern shown in drawing 5 (a). The 
playback wave of Patterns P, A, and B turns into a sinusoidal form which all does not have 
waveform distortion in the ideal condition. Although phase contrast PA and PB is the phase contrast 
over a pattern A playback wave and the pattern P playback wave of a pattern B playback wave, since 
taking a difference like PA-PB can also acquire the topology between a pattern A playback wave and 
a pattern B playback wave, namely, it can acquire it directly also as a phase shift of a pattern B 
playback wave to a pattern A playback wave, without minding Pattern P, Pattern P becomes 
unnecessary in that case. However, the device of changing phase spacing from the phase 1 to the 
phase 2 of Pattern A and phase spacing from the phase 2 to the phase 3 of Pattern B in this case is 
needed. 

[0043] Furthermore, as a development mold of the servo pattern shown in drawing 5 (a), as shown in 
drawing 1 (d), the patterns C and D similar to Patterns A and B behind [ x direction ] Patterns A and 
B may be arranged. Drawing 6 is drawing explaining an example of the approach of recording the 
servo pattern shown in drawin g 5 (a). Drawin g 6 (a) is the top view of a magnetic disk drive. 
Moreover, drawin g 6 (b) is drawing explaining the locus of the servo pattern recorded by the self- 
head with which the magnetic disk drive is equipped, and the locus of the servo pattern recorded by 
the exclusive head for servo pattern record. 

[0044] The magnetic disk drive 61 is constituted by the magnetic disk 63 which carries out a rotation 
drive with a spindle motor 62, and the magnetic head 66 driven through the supporter material 65 
with a voice coil motor (VCM) 64. Generally, the servo pattern locus 601 by the self-head is 
recorded in the shape of radii like illustration by the magnetic head 66. Although it is in the length 
measurement approach in the case of servo record, or the head delivery approach variously and not 
being illustrated especially, there is a method of driving the head 66 irradiating a laser beam at a part 
of head supporter material 65, for example, and measuring the length of the absolute location. 
[0045] In record of the servo pattern shown in drawing 5 (a), the exclusive head 68 for servo pattern 
record other than the head 66 of this self-drive is used. The head 68 for servo pattern record is 
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supported by the supporter material 67, and is arranged in a location in which the locus 602 of the 
recording head has an include angle theta to the locus of the servo pattern record by the self-head 66 
( drawing 6 (b)). While a head 66 and a head 68 take a synchronization, Patterns A and B record a 
desired pattern by recording with a head 68 by recording the pattern P shown, for example in 
drawing 5 (a) with a head 66. 

[0046] Drawin g 7 is drawing explaining other examples of the approach of forming the servo pattern 
by this invention. Unlike the approach of forming in magnetic recording by the magnetic head, the 
servo pattern formation approach explained here forms a servo pattern using the technique of 
lithography, as explained until now, it showed the creation process typically to drawing 7 (a) - (h) 
with the sectional view of a magnetic disk, and showed the perspective view of the servo pattern 
finally obtained by drawin g 7 (i) through this process. This approach is applicable also to any of the 
servo pattern shown in drawing 1 , drawing 4 , and drawing 5 . 

[0047] Drawing 7 (a) The mask for imprinting a servo pattern to a magnetic disk first by - (d) is 
formed. As shown in drawin g 7 (a), laser cutting is carried out to a desired servo pattern 
configuration by the laser beam 74 from the photoresist 73 side of the mask substrate which applied 
the chromium layer 72 and the photoresist 73 to the glass substrate 71 in order, respectively. This 
process can perform La Stampa, such as a compact disk, using the cutting equipment for carrying out 
cutting creation. Next, as shown in drawing 7 (b), this is developed and chromium etching is 
performed. Then, it will be etched as the part which process development of drawing 7 (b) was 
carried out, and was lost shows drawing 7 (c). Finally the desired mask 75 shown in drawing 7 (d) is 
obtained by removing a photoresist 73 using a remover. 

[0048] Next, the above-mentioned mask 75 is used for drawing 7 (e) - (h), a servo pattern is 
imprinted to a substrate, and the process which creates a magnetic disk with a servo pattern is shown. 
The glass substrate 76 shown in drawing 7 (e) serves as a substrate ingredient of a magnetic disk, 
and the photoresist 77 is applied on it. To this, the exposure light 78 is irradiated through the above- 
mentioned mask 75, and the pattern of a mask 75 is imprinted at a photoresist 77. If this is developed 
and it etches in reactive ion etching further, as shown in drawing 7 (f), the shape of toothing 
reflecting a mask pattern will be formed in the front face of a glass substrate 76. Resist removal of 
this was carried out like drawing 7 (g), sputtering of the magnetic film 79 was carried out, and the 
magnetic disk shown in drawing 7 (h) was obtained. 

[0049] The flat-surface gestalt (gestalt seen from the top face) of Patterns P, A, and B is equivalent 
to what was shown in drawing 5 (a) at drawing 7 (i). However, with the perspective view shown by 
drawing 7 (i), the black part of the pattern of drawin g 5 (a) is formed as heights 701, and the white 
part of the pattern of drawing 5 (a) is formed as a crevice 702. If a field is applied to an one direction 
in accordance with the case of the magnetic disk which has such a cross-section configuration, for 
example, a disk front face, it will be magnetized so that a space field may be sent from a concavo- 
convex corner, and will function as a servo pattern like the magnetization pattern shown in drawing 
5(a). 

[0050] Although drawin g 7 explained the mask formation process, it is also possible to create the 
same magnetic disk by forming La Stampa like a compact disk and making a disk substrate 
according to the process of injection molding. Moreover, although it is the explanatory view of 
projection exposure in drawing 7 (e), it is good also as adhesion exposure to which a mask and a disk 
substrate are stuck. Furthermore, in drawing 7 (a), although the laser beam is used for cutting, short 
wavelength beams, such as an electron beam, may be used from a viewpoint of the formation of 
pattern detailed. Moreover, although here showed the process which imprints a pattern to the 
magnetic disk through the mask, it is also possible to apply a resist etc. to a magnetic disk and to 
perform direct laser cutting. 

[0051] Drawin g 8 is the block diagram showing an example of the servo signal demodulator circuit 
which restores to a servo pattern regenerative signal and acquires the position signal of the magnetic 
head. Through amplifier, one is sent to the amplitude detection system 81, and another is sent for the 
servo pattern regenerative signal reproduced in the magnetic head to the phase detection system 82. 
By the amplitude detection system 81, full wave rectification of the above-mentioned signal is 
carried out, and then an integration operator is performed. As a result of being obtained here, 83 
(amplitude value) reflects the amplitude value of a servo pattern regenerative signal. Here, the digital 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/6/2005 



THIS PAGE BLANK (usptoj 



JP,2001-110027,A [DETAILED DESCRIPTION] 



Page 9 of 13 



signal after A/D is sufficient as the regenerative signal put into the amplitude detection system 81, 
and it should just perform a digital integration operator without full wave rectification in this case. 
[0052] In the phase detection system 82, wave sampling and wave fitting are performed after A/D 
conversion, Fourier coefficients are computed, and the phase value 84 is acquired by calculating a 
wave-like phase value based on it. Specifically as opposed to one wave of the above-mentioned 
regenerative signal, a wave is incorporated by 8 times as many exaggerated sampling as this. Under 
the present circumstances, in accordance with the wave-like frequency to incorporate, it is necessary 
to decide a sampling frequency fs. In other words, the servo signal demodulator circuit has frequency 
information wave-like in the form of a sampling frequency fs beforehand. Here, discretization 
Fourier series perform wave fitting and Fourier coefficients are computed. From the obtained Fourier 
coefficients, a phase value operation is performed and the wave-like phase value 84 is acquired as a 
result. Detail of the operation in a phase detection system is given below. 

[0053] The above-mentioned number of repeats of 8 and position signal wave p (n) is set to 10 for 
the number (exaggerated measurement size) discretely incorporated to per [ one cycle (period) ]. 
However, n is the number of the point incorporating [ wave ]. It will be set to the following [several 
7] if p (n) is expressed with the fourier polynomial representation. 
[0054] 
[Equation 7] 



[0055] Here, discretization Fourier coefficients and m of AO, Am, and Bm are the degrees of the 
discretization Fourier transform. It turns out that it will be decided that the above-mentioned fourier 
polynomial will be a meaning if discretization Fourier coefficients are decided. If the sampling data 
of a pattern playback wave are set to f (n), the fourier coefficient A 0, and Am and Bm will be 
calculated as shown in [several 8], [several 9], and [several 10]. 
[0056] 
[Equation 8] 



[0059] The primary fourier coefficient A (m= 1) 1 and information required of calculating Bl can be 
acquired most easily. In phase detection, the phase contrast from a reference pattern is searched for 
as the following [several 11]. 
[0060] 

[Equation 1 1 ] 
arctanf — | 



[0061] Drawin g 9 is the block diagram showing other examples of the servo signal demodulator 
circuit which restores to a servo pattern regenerative signal and acquires the position signal of the 
magnetic head. The servo pattern regenerative signal reproduced in the magnetic head incorporates a 
wave by 8 times as many exaggerated sampling as this through an amplifier and an A/D converter as 






[0057] 
[Equation 9] 




[0058] 

[Equation 10] 
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opposed to one of them. Under the present circumstances, in accordance with the wave-like 
frequency to incorporate, it is necessary to decide a sampling frequency fs. In other words, the servo 
signal demodulator circuit has frequency information wave-like in the form of a sampling frequency 
fs beforehand. Here, discretization Fourier series perform wave fitting and Fourier coefficients are 
computed. 

[0062] From the obtained Fourier coefficients, a wave-amplitude value operation and a phase value 
s operation are performed, and amplitude value 91 and the phase value 92 are acquired as a result, 
respectively. Specifically according to the flow of the operation from the above [several 7] to 
[several 10], it asks for Fourier coefficients. A required result can be most easily obtained by 
calculating the primary fourier coefficient A (m= 1)1 and Bl. Here, in phase detection, amplitude 
value 91 is calculated as shown in [several 12], and in amplitude detection, the phase contrast 92 
from a reference pattern can be calculated as shown in [several 11], and it can search for it, 
respectively. 
[0063] 

[ Equation 12] 

[0064] The amplitude value 83 outputted from the servo signal demodulator circuit shown in 
drawing 8 , the phase value 84, and the amplitude value 91 and the phase value 92 which are 
outputted from the servo signal demodulator circuit shown in drawing 9 express the position signal 
(POS) of the magnetic head, respectively. One linearity position signal is acquired by distributing 
this if needed. 

[0065] The allocation approach of the position signal using amplitude information and the position 
signal by topology is explained using drawing 10 . The patterns P, A, and B shown in drawing 10 (a) 
are patterns already explained by drawin g 1 R> 1, drawing 3 , drawing 4 , and drawing 5 . The result 
of having carried out the pattern recovery of A and the B pattern regenerative signal is set to PA and 
PB to SA, SB, and a phase recovery in the servo signal demodulator circuit shown in drawing 8 or 
drawing 9 to an amplitude recovery. At this time, P expressed with Q expressed with the following 
[several 13] and [several 14] becomes the position signal of the amplitude and each phase. 
[0066] 

[Equation 13] Q-SA-SB [0067] 

[Equation 14] P=PA-PB [0068] Each position signal Q and P serves as a wave shown in drawing 10 
R> 0 (b). Next, standardization signal Q#POS of Q and P and P#POS are computed as shown in 
following [several 15] and [several 16]. w is the weight for making signal level of the amplitude and 
a phase equivalent among a formula. 
[0069] 

[Equation 15] 



Q_POS = 



[0070] 

[Equation 16] 



ie + wp| 



[0071] Thus, it is a standardization position signal, and Q#POS and P#POS which were calculated 
extract these straight-line fields, and use it for a position signal (part pinched by O of drawing 10 (c) 
(it is a range display with an arrow head)). A standardization signal may be computed again, as 
shown in following [several 17] and [several 18]. n is a positive number among a formula. 
[0072] 

[Equation 17] 

Q_POS = — ? 1 y 
V£T + w n P n 
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[0073] 

[Equation 18] 

p pos= 1L— 

[0074] Thus, the signal of the amplitude and each phase can be reproduced, it can get over, and a 
position signal with good linearity can be acquired by using complementary combining it. That is, by 
restoring to the servo pattern shown in drawing 1 (a) or drawing 1 (c), the servo pattern shown in 
drawing 4 (a), and the servo pattern shown in drawing 5 in the servo signal demodulator circuit of 
this invention, and acquiring amplitude information and topology, linearity is good and the position 
signal excellent in the noise-proof engine performance can be acquired. And if playback wave- 
amplitude information and topology are used complementary, since the linearity of all fields is 
securable with the servo pattern which consists of patterns A and B shown in drawing 1 (a) etc., the 
patterns C and D as shown in drawin g 1 (c) are necessarily unnecessary. That is, according to this 
invention, the monopoly area of a servo pattern can be reduced using the servo pattern which 
consists of patterns A and B, securing linearity. In other words, it will be possible to make a data 
area rate increase, and it will contribute to improvement in format effectiveness. 
[0075] Drawing 1 1 explains other examples of this invention. Here, when vibration or an impact 
joins a magnetic disk drive from the exterior and a jump arises in the tracking of the magnetic head 
under the effect, how to foreknow it from a servo recovery signal is explained. 
[0076] In addition to the patterns P, A, and B explained until now, drawing 1 1 (a) repeats and 
records the same pattern A' as A and B, and B\ Position signal generation of the magnetic head is 
possible by the approach explained until now using P, A, and B pattern. Now, vibration or an impact 
is added from the exterior of a magnetic disk drive, and suppose that it moved as the locus of the 
magnetic head showed by the arrow head 1 1 1 by the effect. In this case, the amount of location gaps 
of delta 1 arises between the location 112 which computes a head position from A and B pattern, and 
the location 113 which computes a head position from A' and B f pattern. Since this amount of 
location gaps is observed by the position signal to which it restores with A, B pattern, and A ? and B* 
pattern, respectively and the pass time from a location 1 12 to a location 1 13 is also known on the 
other hand, the sense and magnitude of a vector of a locus 111 are calculable. 
[0077] Drawing 1 1 (b) indicates how to acquire the same effectiveness by different pattern 
arrangement to be drawing 1 1 (a). The pattern shown in drawing 1 1 (b) adds the field of Rl and R2 
to the patterns P, A, and B explained until now. In addition, A on one truck, Rl and Rl, and B and 
R2 are the same patterns, respectively, and the field of Rl and R2 is the pattern which continued 
over the truck cross direction. Position signal generation is possible by the approach explained until 
now using P, A, and B pattern. Especially the position signal by the phase pattern becomes possible 
[ also using P and Rl ]. 

[0078] Now, vibration or an impact joins a magnetic disk drive from the exterior, and suppose that it 
moved as the locus of the magnetic head showed by the arrow head 1 14 by the effect. In this case, 
the amount of location gaps of delta 2 arises between the location 115 which computes a head 
position from P and Rl pattern, and the location 116 which computes a head position from P and R2 
pattern. Since this amount of location gaps is observed by the position signal to which it restores 
with P and Rl pattern and P and R2 pattern, respectively and the pass time from a location 1 15 to a 
location 1 16 is also known on the other hand, the sense and magnitude of a vector of a locus 1 14 are 
calculable. 

[0079] If the approach explained by drawing 1 1 (a) or (b) shows the velocity vector of a head 
travelling direction, before resulting in the following servo sector, a head will become possible 
[ presuming whether it is on a predetermined truck ] in a data location. When the impact from the 
outside and vibration occur during record actuation, such presumption is needed in order to avoid the 
danger of destroying the data of an adjoining truck. If it is presumed that there is no head location in 
a data area on a predetermined truck, destruction of data can be beforehand prevented by forbidding 
record actuation, for example. That is, it contributes to the improvement in dependability of a 
magnetic disk drive. 

[0080] Drawing 12 is drawing explaining the example of further others of this invention. Drawing 12 
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expresses typically the format configuration of the servo information by this invention, and a data 
area, the longitudinal direction of drawing is the head transit direction, and the vertical direction is 
the truck cross direction. As an example of a servo information configuration, there are 123 and the 
servo marks 124 by this invention explained so far, such as the PLL section 121, the address mark 
(AM) 122, and a cylinder number, and data 125 are added to it, it becomes 1 servo sector, a servo 
sector is repeated, and one truck is constituted. The count of a servo sector repeat is about 150 times 
from 50 times. 

[0081] Now, thousands of above-mentioned several 100- trucks are collected, and constitute Zone N. 
Applying to a periphery from disk inner circumference, the number of a zone is five to about 30. 
Record frequencies of the pattern in 123, such as the PLL section 121 in each zone, the address mark 
(AM) 122, and a cylinder number, are fixed at fO. On the other hand, it is Zone N, N+l, and N+2.... 
The record frequencies of the servo mark 124 differ, respectively, each zone N, N+l, and N+2 — the 
information about the record frequency of a servo mark 124 which is different in every .... can 
respond to the record frequency change for every zone by making it correspond to a cylinder number 
123, recording a table which gives the sampling frequency of every zone on ROM etc., and sampling 
with a predetermined sampling frequency to the cylinder which the magnetic head accesses. 
[0082] Desirably, the record frequency of a periphery side zone is high, and its lower one is [ the 
record frequency of an inner circumference side zone ] good. Furthermore, it is good desirably to 
define a record frequency based on the following views. According to the record capacity of a head 
and a medium, the playback wave of the pattern by which magnetic recording within a field was 
carried out serves as a solitary wave with wave-like narrow half-value width (PW50 value), when 
recording density is comparatively low. A wave becomes close to a sinusoidal configuration 
gradually as a record frequency is raised and recording density becomes high. If wave-like frequency 
spectrum is seen, as for a solitary wave, in addition to a fundamental-wave component, much 
harmonic content after second will be observed. On the other hand, at the time of a position signal 
wave recovery, only the frequency of the fundamental-wave circumference filtering and cutting the 
component of a high region from the purpose of a high region and low-pass noise reduction, is 
usually performed. It is the case where selection of the good record frequency of energy efficiency 
with few cuts of a high-frequency component is desired from this, and about 3 times of half- value 
width (PW50 value) when the value records a solitary wave become a wave-copy period (inverse 
number of a record frequency) (IEEE Transaction on Magnetics, 32-5, pp. 3899-3901 (1996)). 
Therefore, it is good to decide the record frequency of each zone so that about 3 times of the half- 
value width (PW50 value) when recording a solitary wave on each zone may become a wave-copy 
period (inverse number of a record frequency). According to this approach, it becomes possible to 
acquire the recovery wave of a servo signal in the condition with the most sufficient energy 
efficiency, the quality of a position signal can be kept good, and, finally, positioning accuracy will 
improve. The further above-mentioned view may be applied for every zone and every truck. 
[0083] Next, drawing 13 and drawing 14 explain an example of the magnetic disk drive by this 
invention, and an internal circuitry. Drawing 13 (b) shows the A- A* cross section of (a) for the top 
view of a magnetic disk drive [ in / in drawing 13 (a) / this invention ] typically, respectively. The 
magnetic head 131 is driven with the head actuator 133 containing a voice coil motor (VCM) 
through the head supporter material 132. On the other hand, a magnetic disk 134 is driven with a 
spindle motor 136 through the disk spindle 135. The above component part is carried in the base 
137, and is sealed with covering 138. Moreover, I/O of record and playback, its control and the point 
to point control of the magnetic head, power control, data, a control signal, power, etc., etc. is 
performed in the circuit carried in the circuit board 139. 

[0084] Drawing 14 is the functional block diagram which expressed the work inside the above- 
mentioned circuit typically. Power 1315 is outputted [ a controller 1303, address information 1313, 
and status information 1314 are outputted and inputted by the positioning circuit section 1304, and / 
the magnetic data information 1311 is begun and input/output control of the control signal 1312, 
address information 1313 and status information 1314, and power 1315 I/O is carried out by the 
interface circuitry 1301, and ] the magnetic data information 1311 and inputted for record / 
regenerative-circuit system 1302, and a control signal 1312 by the power controller 1305, 
respectively. A spindle and each circuit drive with the power supplied from the power controller 
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1305 (1316 1317), and a head actuator drives using the servo information 1318 from the positioning 
circuit section 1304. Record/playback information 1319 is exchanged from record / regenerative- 
circuit section 1302 through the magnetic head 1307 to a magnetic disk 1306. Here, the location by 
the positioning approach by this invention and the rate information 1320 are changed into the servo 
information 1318 in the positioning circuit section 1304, and also control information 1321 is sent to 
a controller and used for control of record / regenerative-circuit section 1302. 
[0085] 

[Effect of the Invention] According to this invention, the approach and equipment which have been 
improved more can be offered to the inhibition factor of increments in track density, such as non- 
linearity of the position signal actualized as the track density of magnetic storage increases, a fall of 
a signal-to-noise ratio (S/N), and a fall of the oscillating (disturbance vibration) proof stress from the 
outside, and it can contribute to the increment in storage capacity of magnetic storage. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 
[Drawin g!] 
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P». P B iis A7-yAS±i$f&^A^-yBI4t 

^7)., ^ - >- p mtm&iztt-? h immx$> 

? - > B OSffl 2 frbffiB 3 ^ffiffl^H^^i. & 3f«^ 
[0 04 3] S&fc. 05 (a) fc^Lfclf-iJO'?:?- 

y^mmttx. mi (dj^uiac. 

>'A, BOx^f^^^-yA, BteSHRLfc'** 
-yC, D*rffiaL-C^A^. I6ti. 15 (a) tc^ 

. 16 (b) {4, IMf^? h*7-f 7£ 

[0 044] Jg^vf -fX? F5-f :/6 Hi. XVyV)U 
*-?6 2fci9IM^?-.SS^TMX;/-6 3h. *' 
(VCM) 64t=i 9£1#gWt6 5r 
^LTlg|&$il§lK^^-y H 6 6tCi-5T»Jj£$^6. 
-JKWtli, g^s-y Kt=J:.S»-»f-^yt^-yiiJi:6 0 1 
(i&fv^y H 6 6 lcTl^D#0< FWtfctcfefiSft-g. . 

•y H 6 6 £®M LX ^<^m<h h . 
[0045115 (a) L^-^-^S* ^-V^lell 
£SfcoTti. CtfOgH^-Yyo^y h'660ffetc, tf 
-tf^-yfglffflOlWB^y H 6 8 $rffl^l> . If— # 
^•^-Vieiiffl^v K6 8ti;£^tf 6 7K£}$$fT.. 
-eoElfs-y H(7)|)i^6 0 2 #S^y K 6 6tCj;.&1f— 
;JO^-yEfltott»fc:*t LT^S* «fc d 
iCiea$ix^ (116 (b) ) . VyK66 fc^-y H 6 8 



hli|5|$J£fc 9 flails (a) IztjkLt:'*? 

-yPli'vy K6 6T'l2iJU ^-VA, Bti^-yH 

6 8 -CEfltt-S i fc iz J: 9 . J5ffl«V *9 - V ZedM? 

[0046] 17li. *&mz± 

fo^zim<r>m>mzwm-hmx'hz> . z z cjkw 
&y--#^?-ym&i,m±. zixtxmw Ltz* o iz 

status- 9. vvfyyj-cDmizm^x&i&t 

h i>0)T$> 0 , 17 ( a ) ~ ( h ) tcfrjfir o-bX^SS 
^.T-fX^^llrSlCfcoT^W^L, 17 ( i ) 

OWWHSr^Lfe. iO^ti:, 11. 14. 15t$ 

[0047] 17 (a) — (d) iZX. H.-?mcsf < * 

6. 17 (a) (^-ridt:. ^7Xifi7 UZ7UJ* 
Ml 2. 7=!- hl^>-'Xb7 3^-5-iX'eixJ«t^L/cV 
X?if(7)7* Mx-^'xh7 3ffl!lJ: 0. 0fM<?51f— 
^ - ymklzv-Jfyt ia\zxv -*fti »,=T4y?tt 

•y f 4 >7ftfct&tzthcr)jj y"r 4 y?'%iW$:m^Xft 
oZttfX*h> <Xiz. 17 (b) izjn-tXolz. Zix 
ta*U ^oAx.y^-^^tr5. 17 
(b) <7)1MWMiZitX7x hUiSxh7 ScomKZo 
fcSMh6*H7 (c) ioC^y^-^jSft&.rfc 

TKfi-rS ZtlzJ:*). Ml ( d ) t=^L<:Wa<Dv^ 
?75^#5. 

[0048] ifctC. 17 (e)~ (h) (C. ±l£-7X^ 

7 5 &fflutli(:t-^A7-y^i?L, -»f-tf7\- 

17 (e) CSLfcXf7^1t7 e\,m^T>sX7<7)m 
MMmt tch 1>C0T& K> . T<?)il:7 ^hl/y'Xh7 7 
frmLt^S. CiX(c. ±IBvx^7 5Sr^LTR5St 
3t7 8^BSJ#t s 7X^7 5WN7-yS:7*M'y7 
h7 7tc|&^t-S. Zt>lzRfcim-y 

j^ vT-ynzx^y+yy-s-ht , 17 ( f ) (c^-f <fc 
dtc X7*7^s^7 scommiz-^x^^-yimML 

tzW£i&tttfWfSLZti&. .Ifi£!7 (g) oJ:d^^ 
x'XhiSU BttK7 9^<7^'J>/U, H7 

( h ) L^^x -f x^ Srfffc. 

[0049] 17 ( i ) (CT. /^-yP, A. Bcr,^ 
®Jg®. (±®<fc OJlfciBJB) f415 ( a ) {c^L^tO 

fcn^T-fes. 17 ( i ) izx^-tmmmx 

it. 15(a) C0>i? -y<VSk^&'ftiJ : {h®l 0 ltL 
XBtfLZix. 15 (a) <r>^-^<r>^^^ifiwi 

02 tLxi&f&ztix zcoxo^mmm^k^-t 
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[0050] @7T'i±vx^^rn-feX^|^BBL3t 
Itai^^^a-fe^t i Of -f ?*^£fE& -I t X\ 

rz. 07(e) x*im&mft<7)tmmt%^T^z>tf. 

iV>. ZhlZ. 07 (a)Tti. *yf ^/{:Wf 

iSffl^t^Siii 5 . j^-yW&itffm&frt* . iff 

13*1'— if^-yx-f y? : k'iTOZLti>' s I&X'fo&. 
[00 5 1 3 llSti, -9--#V^-yW±fi^-SraPt 

ssatassRsi'v t>3-o(±{affi^aj^s2^^n 

■ftmnzfto* zzx"&c>ti-izm&8 3 mum) 
- ym>km^<?>mmmzR9i Lfz %> <oxh & . 



[00523 ttffl&Kti&8 2T'{±. A/D3E«W>a. & 

<£tfc£»m . ztiz h t izmzn&tefezfe&t h z. t 
x.v-yyo yymmm f s £&#>t a < am&h & . 

tirX'&h. wmnamx'^mBiz^x . WTKitan 

[00533 1 1M ?;Mfl»l> »fc 0 fcKKWWKD 
&tf» <3jw**;/7VHft) £8. fiLE@#*9Bp 

(n) <^Jhffiii*9®Lifc£l0i:-r&. (ML. nliiS® 
]R Oa^OS-tT'S) P (n)t7-'J x^JisKfl 
«T**-fc . i$W Cft 7 } . 

[00543 

[&7] 



p(n) - A, + 



[00 5 53 A 0 . A., BJigtiMt^-Ux 

^*Sii:**t>*»&. 7— UX^@tAo, A«. B«(i, 

/^-yM±^B^yyo yr-T—f £ * (n) ft 

hh. CIfc8) CR9 3 ORi 03 <?>S.o\,z.1S&>t>ii 



mLA 1 , b, ;j:Tfi«iHWii»4;^ 

it. <JV> CiSU 1 D t LX^hlxh. 
[0060] 
[£5U 1] 



arctan 



[00 56] 
[ifc8] 



[00 57] 
[1*9] 



1 



1 . fn-Tr-ra^ 



[00 58] 

rati o] 



B = — > f(n) an — 

[00 5 9]Si.Mdl 1& (m=l > tf>7-l>x 



[0061] 09(i, -T-^^->S*fi^«PL 
TK^-y \i<7MW.m*7%l5Lnt&V-#m^®M®M 
<7Mcr>m*^t7v v7fflXfo&. ^7 

s^sr. *<7)- ; iiiMtzttVxMU£8&c»*- my 
o^^fc2>^-r. *r>y°vy7ffl&M-£ sZ&usbx 
a. yy u y^ii^t f st»,^ ^-cjS^^js^ 

[0062] »*>iifc 7- 'jx^ifci o^oliteffi?! 
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7 3 *>4> Cffcl 0 3 £T<7)mW-cr>milz-m\ 7-Ux 
GR****)*. ©LfSHUcfi. 1# (m= 1 ) cr>7-V 

c»i 2D ^iocn-sru iSHatftaw)*&Kii. 

^V-yH«ttffiS9 2tt C»l 13 OipfctHtL 
[00631 

mi 2] 

[0064] las^t^-f-^ft-^fsismss^^tfi* 
**t-F*ua«^-/ F^xami^ (pos)^u^ 

[0065] SSSflMK: J: SftSff-f-i: ftffltt$g(c i£ 

fiSfi-^-oK^st-oviT. 01 o&m^xmw-t 

010 (a) fcjfcLfc^— yP, A, Bli, 0 
1. 03. 04. 05Tm:IftBJiLT^&^:?->'T'& 

a, B/^~yM±m^^-ymmLti^i, m 
mmmizttLTiiSn, s B , {iffifiPt^fcjiP A . 

P B <JW Cftl 3D T'^§tl-I»QS. 

CISC 1 4 3 T*$*1.4P#, ftfflf ftfftOtf 

[00 6 6] 

[fitl 3] Q = S fl -S B 
[00 6 7] 

mi 4] P = P A -p b 

[0 0 68] fflfil^ya^Q, PJ2\ 01 
0(b) fc^Lfctt»fc$r&. Q. P^tS-ftfi 

^H1#P0S. PfPOSfcUTRO CSt 1 5 D CSC 1 6 3 <D <£ ? fc: 

[0069] 

mi 5] 

[0070] 

mi 6] 



[007 1] o (CLT$*>£Q#P0S. P#P0S#*ifg 

(HI 0 ( c ) (DO-m&tLtz&ft (* 
EPT-^ffl«^) ) . aHcMHWU. ttz. WTO CR1 . 
73 C&183 <7)i5t=»aSLTtft^. 5$+. nitJE 



[0072] 

[»17] 

a/1 + w" • O 
V2" + w" • P" 

[0073] 
[SU8] 

^1 + w" • P 

P_POS = , 

[0074] i o csskfa«-?-*i.«i.<oe-9-*if 

h. -tttib. mi ( a) 2bi,v%tiiai ( c > iz^Lti 
•V—X^f—y. 04 (a) \,z.f&i,tz*r—#>*9—y. 

15{:$l ^ * - y * -Kmwism 

sr#scfc**T^s. fit, nmm<m.mmt& 
mGmzi&mmzmm-r& t.mi ( a > shc^l*^- 

•S>OT\ 01(c) t^-fJ: 5=Sr^-y 
B*^3r£-'f-;iO^->£fflvvC. 

l tofitt-xw - ycom^mm z<mx- ■* 

[OO75]011tJ:O, *%Bj<7)fl!!<7)C?iJ^|^Hj^- 

(i»wjD*? o . znmwxms*'^"/ v<r> v?~,*yy 
izffiT/tf± KcWrS. -9-- rtmmm^fr t>zti& 

[ 0 0 7 6 ] 0 1 1 ( a ) (i. ZtLiXWR Ltz^- 

yp, a, B^jni., a, Btlsit^N'^— yA' , B' 
yfi-f-^ti, P. A, ByN'^-y^ffl^-C^^iTl^ 

BjiLtzijmzx-*imx'$>2>. v>&. g^f^^gt^ 

5MP J: 0 mm t L- < 14®^UD*> 0 . f-co^^T'^^ 
»/ H«4UI«f^Qi 1 1 lX'^-TX oiz$b^tih.-?&. z\ 
coi§r&. A, B^-yJ:^7 KsK^a >"Sr®!iJ-f- 
£&Sll2i. A' , B' A7-yJ;i)^7H^ 

a y^Etu-ri»{as 1 1 3 k^is-?* 1 o(aM^h.a^- 

d^fiS^h-StiA. B^-ytA' , B' 

w->izx vztiz'ixmmzix&xitisa ym-^izx 
mmzixxi**). - mmi 1 2*^(iai 1 s&x- 
<vm3&&fmi>hfr^x^&<r>x\ $kmi i i<^9h>v 
<vto£tjz$zzsm-r&c\t&x'Z&. 

[00771111 (b)tt.Hll ( a ) t&mtch 
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X'foh. 011 (b) IZmLti^f-yli. zti&xm 
WLK:'<7—yP. A. BC, Rl, R2<7>fli^€:JD;i 
tzh<?>X°h&. 3rfc. -owh?^±«AtRK R 
1 i:Bi:R2(i-eix^ixPI— /^-y-C&D. R 

i, K2<r>mmi. h^-y^Wimzhf^xmmLfz 

/*?-yX'foZ>. ^y 3 yI?M(l P. A, B^n- 

?->zm^xzti£xw i nLttmzx-*imx'h&. 
mz. ma;*?-yi<z£&x : Ji'B>m*Ti&. p. ri 

[ o o 7 s i v^a . tmr < xtmmzftiRj: <ommi> 

01 1 1 4X'5frf-£?lzm^tzt-?&. z\<ry%%. P, R 
l^-yiO'vy h y£mft-f SftS 1 1 5 

k. P. R2>'^-yJ:0^yHd< , > 7 v3>'$r^ai-f^ 

1 1 6 i: cofar- ^ 2 <7>{£g-rfts#£ t & . .r 

we-ttmiisix-i.*^ 3 ymmzxmm^ttxti 
o. — ftai i 5^{£gi i 6*-C'^3iii5^ra^ 

[00791 11 1 (a) £>&^ti ( b ) iZXfflfiLti 

<%<7)if~tf-t 9 *> if i T'cOx- * {iSlcT . ^y 
H tf^gO b 9 v ? ±IZ$> h *> d #>£it^~& ^ i: *>' 

[ 0 0 8 0 1 01 2 ii. 2|s:^O5gt3fi!lO0!y$:^-r & 

mx'*>z>. mi 2ittftwizih j y--xmmtf7 t -? 

SO&^rSjj&^-y K^T^I*!. ±T^rS]* 1 hyvtm 

xmx'h h . -9-- Ttmmffif&n-wt t-c . p l l as 1 

2 1. 7h'W-? (AM) 12 2. y'J^t^ 
12 3. iixS!T'^LT#^*%BHtJ;l»-9--^- 
? 1 2 4 9 . Wz^t-9 1 2 5 SrSDi-T 1 

■y?£fi§fi^f&. -9--^-fe^^^0jgLO|I|^{±5 00 

[0081] vi£ . ±IBh ^ >y ^aWRWHBFF** fc i 

f . V- >'f>H$C{± 5—30 SET'S) & . #V— y fc 33 
tt&PLLgPl 2 1 . 7h'l/X7-? (AM) 12 2. 
y'J^ffl 2 stcfclti^-^^EftWifelWi 
fOf-5rC*4. V-^N. N+l. N + 

2. . . - Wh- sKv— ? 1 2 4<r>§S^m^.mi^^ 



ixm&&> #/-VN, N+-1. N+2. . . . 

tify'jymi 2 3t*rj££-£-t. fr/->*rw) 
u y yffi&m&s-L s ± 3 £ r o mi? 

itL-cHFr^o-9-y^u y^waafct^yru y^-r^- 
[ 0 0 8 2 ] Mi L< ti. j^jBav-y^EiwaaaBBi 

*«9»i, ^-y Hfc*f»^)Se«K*K:J: 0 ^ tt«WK» 
*flE<ofiv^*&ttiaaiJ<oi|HtB (PW50I) co$«£V^ 

tz-oixx . ^ti<^ tjESS^^lcffi < h . WS><n> 

■ftZ*;vh't2>c\bWm. , g;'fThix&. Z.<r>Zbfrt>. i* 
i^^<J0^-y x*/l^— ^o«tv»ieiSJ^ 

^ffifi (pw5oi) <7>%)3fetfm&<7jmgzmM hsm 

ffimSl<7j5£.%L) b^^X'hh (IEEE Transaction o 
n Magnetics, 32-5, pp. 3899-3901(19%) ) . t£->T. 
^/-^t'MijS^ISIIt^ b * CD^mM ( PW5 0 
ffl) ^3fS^WOlEil^^ (leilJi^cO^) k 

%&£ot,z^ &Y-y0jimmwmzm#>&b£w c 
[0083] mz. m i smsrn 1 4 t«t 0 . *«wt: 

013 ( a ) ti^Bflt^tf^iS^f-Vx^^acT^FB 
05-. 01 3 (b) {± (a) <7)A-A' BfMSr. 
tt^Wfc^LJttOffcS. fiS^-y H131 te^v 
K^a#a5*fl3 2^tT. (VC 
M) Sr-i-tf^v KT^faX-^ 1 3 3 KM 01216$^ 
— ^r. W5kt<*7 l 34Ji. -r^x^xeyhVP 
13 5Sr^-L-C. XtyW-^ 1 3 6tc: t t0lg»$ 
ia±<oaWt«ifttt<-X 1 3 7(C«tfc3fL. 

-i3&\,z£y)mm%ti&. 47^. iBii-s^. -tow 

it7c0S&tT^it^. 

[OO84]014ta. ±faiHSSf*lS8<7)iS# ?r^Wi; 
fELfcOBfi^a-y^H-C**. ^x-^ffifgl 3 1 1 
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£t±t#>, mwm^i 3 12. Tvuxmmi 313^ 

^T-?Xiimi 3 14. 1*13 1 5AttJ7Jli. 

^7x-xniifsi 30 nzxnxta^mm^ti. mm? 
-frnrn. 1311 mm/n±®&& 1302. mmm 

■f-l 3 1 2«3yND-7l 3 0 3. TFWOVfffffil 3 
1 3^f- ^Xtiffgl 3 1 4(±(ua^i6IlIS&a51 3 0 
4.11J131 5IJl*3>-hn-7l 3 0 5C. <e*l 
-?;fiAaj7J£*U>. l*3yhn- 7 i 3 0 5Kffif& 
£*T.6tt7JK J; 0 . F/K>=§-IhIS&j»Jj (13 1 

6 . 1 3 1 7 ) {2B&#>0&gG 1 3 0 4 A>Jd<W 

-*'ti»fgl 3 1 0^.-/ HT^^ J .x-rJ'A<iEi!j§ 
ti*. ie£§/S£IIIS&Sn 3 0 2 J; D&MT-f X? 1 3 
0 6 tc*f LT . 7H1307H LTIEH/W^ 

m$gi 3 19^9 to 2 ft*. *3M8K:.fc4 
MS^rt*stc«t^,{4s. asffifgi 3 2 omsaE«rt 

13 0 4 dT^-tfffi m 13 1 8^j&£iX& 
fit. *JP«?8l3 2 1{in>'ha-7^ill^fl.T. EH 
/B£IIM1 3 0 2«W»fc:«fflSii4. 
[0085] 

CHI ] *%fflt,z£&-9—W*?—y<0— MtZ<r>W£. 

&0. 

[03 ] r^^ajHf-^j ^iomm&SrlJiBH'r 
■S.0. 

[04 1 ^BJtciS-^-^^-yoflfe^Jt-ecoS 
[05 ] *»Hjt: y^ffiofflfc-e^S 

[06] 05 (a) t^L3ti?--^^->^ieii-ri. 

3fj£^-#iJ£l8HJ!t-S0. 

[07 ] #?£WcJ;£^-tf^-y£^r6:frfto 

[08] v-^^mmnn-mtt-fy'v ? 9 0. 

[09 ] V-#m^mm®&<W!l(r>mZ^7v-y7 

0. 

[011] ESm^v F^itS^? F/M$£il7Ji£*:tftBJ§-r 
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[012] y-ymzy--x~?- ? mmmm&zmt 
[013] 3|e9hbic i hW5*T4 *7%m&wm, 

[014] IS^x fatfJrtffHHfcO-HfcStWf- 

•StSlg^C7y^0„ 

. 1 O-BWi-^'/K, 11-rffllljW-y. 12 
- r ii«2jW^-y, l 3- r &ffi3 j wv- 
14- rffiB4 j 1 5- rffiffl5j O 

16- rgffi6j (TV^-y. 1 7- rfiffl 
7jW-y. 18— rfiffl8 J V. 4 1- 

r fiEffllj OVN'^-y. 4 2- rft*g2j W**— >\ 
4 3- r{iffi3 j cnr^-v^ 4 4- 4j eo^? 
— 4 5- rflffl5j <r)rt?—y^ 46- r &ffl6 j 
tfVN-^-V. 6 F?4 7\ 6 2-Xtr 

yH^t-?, 6 3-«SJlf< X?. 
A^-?. 6 5-3d$gB#. 6 6 7- 

33#Sm. 6 8--^~7i-'^-y=Bm^y F. 60 1 
— ♦f-TjO^-y, 6 0 2-iEii^yF<7)$iffifr. 7 1- 
#^X»g. 7 7 3-7* Fl^'XF. 

74-1— if3fc. 7 7 6-^5X11, 7 

7- 7*M^y'Xh. 7 8-aSW*, 7 9-HKSBL 7 
0 1-flS. 7 0 2-GflS|5. 8 8 2 - 
fiffl&tij^. 8 3-*(M. 8 4-ftffiil. 9 1 -fid 
ffi. 9 2-ftfflffi. 1 1 FtfflUS. 1 1 2 
—A. b^n*^— >i^7 K^> ? ^3>'*^:a}-ri.{ii 
S. H3-A' , b ' jty—yi. F'i^i^i^H y 
SrmtiJ-f -SteB. 1 1 5 --Rls*?-y£*)^v YtfiS 
isayZMlii-t&mm. 1 16-R2/V-yJ:«)M 
F4Cs>S'ay«WI«-*ffiH, 121-PLLgp. 12 

12 3-y'J>^f, 124 
-l^jtfT— $\ 12 5-f-^ s 13 1-^7 
F. 13 2— jfeJSaSW. 13 3-AyK7?faX- 

1 3 X?. 135-faweyK 

;K 1 3 6— XtyKA't- 13 7-^-X, 13 

8— . 13 9-08&««. 1301--fy;7i 
-X. 1 3O2-!2H/!?£[H]i?§30. 130 3-oyb 
u-7. 1 3 04-ftBi*#>[£]&&Se. 130 5-1A3 
yhn-y, 1 306-Hf>fA?. 13 07-BA 

F. 1 3 1 l-Kj^-^flWR. 1 3 1 2-Mffft - 
13 1 3-TKUXflMI. 13 14-^f-ntl 
131 5-m*. 1 3 1 6-XtfVF/H§B»L 13 
17-#EBMB». 1 3 1 8-ir— '-K1MR. 13 19- 

ten/w^ttfB. 1 3 2 o-ttB. mmmm. 1321 
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(b> 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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